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HONNAVARA N. ANANTHASWAMY, PH .D . 
Department uf Immunology, Th e Uniuerst:l.y of Texas M. D. Anderson Hospital and Tumor In stitute at Houston., Houston, Texas, U.S.A. 
The effect of 8-methoxypsoralen plus UVA radiation 
(PUV A) on cell killing and induction of transformation 
was studied in the C3H mouse embryo 10T1/2 cell line. 
Dose-response data for both survival and transforma-
tion were obtained as a function of 8-methoxypsoralen 
(8-MOP) concentration and UV A dose. PUV A treatment 
caused cell death and induced transformation in a dose-
dependent manner. Treatment of cells with 8-MOP 
alone (10 J.Lg/ml) or UV A alone (90 J/m2 ) had no effect 
on either cell killing or transformation . The product of 
8-MOP concentration and UV A dose calculated at 10% 
survivai and 10-3 transformation frequency levels were 
quite similar regardless of 8-MOP concentration or UV A 
dose. This suggests that there exists a simple reciprocal 
relationship between 8-MOP concentration and UVA 
dose. Both type II and type III foci induced by PUV A 
treatment were tumorigenic in vivo. These data provide 
further evidence for the carcinogenicity of PUV A treat-
ment. In addition, the system described here could serve 
as a valuable mode l for studying the relationships be-
tween transformation and the specific cellular and mo-
lecular lesions induced by PUV A treatment. 
Furocouma rins , or pso rale ns, a re a class of photosensitizing 
agents wi t h medical importa nce. The combinatio n of psorale ns 
a nd UVA radiati on (320- 400 nm) , commonly referred to as 
PUV A, is wide ly used in t he t reatment of psoriasis a nd othe r 
skin disorders [l- 7]. With the increased use of PUVA therapy 
in huma ns in t he last decade, considerable atte nt io n has been 
focused on unde rstandin g t he mutagenic a nd carcinogenic ef-
fect · of t hi s t reatment. The mutage nic action of PUV A treat-
ment has bee n a mply de monstrated in bacteria [8- 11], yeast 
[12- 14], a nd mammalian ce ll s in cu lture [15- 17] . Severa l in -
vestigators have reported t hat chronic PUV A treat men t in-
duces s kin t umors in la boratory mice [18-25]. In addit ion , 
recent studies have show n that PUV A t reatment also a ffects 
certain immunologic functions in both humans a nd experimen -
tal an ima ls [26- 30]. However, t he molec ul ar b asis for PUVA-
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Abbreviations: 
ATX: adult thymectomy and sublethal x- irmcliation (450 rad) 
FBS: fetal bov ine se rum 
8- MOP: 8-methoxypsoralen 
PBS: phosphate-buffered sa line 
PUVA: 8- MOP plus UVA radiati on 
UVA: ultraviolet A radiation 
induced mutation , carcinogenesis, and immunologic dysfunc-
tion remains unkn own . 
Active derivatives of so me psoralens bind to DNA in the 
presence of UV A radiation . PUV A t reatment is known to 
induce two types ofphotoprod ucts in the DNA. Monofunctional 
adducts result from a C.1-cyclo addition of a psoralen molecule 
to the 5,6 double bond of pyrimidine bases in DNA [31-34]. 
The psoralen monoadducts formed in the DNA can further 
react photochemically wit h a pyrimidine base in the comple-
mentary DNA strand, thus leading to DNA crosslinks [34-
38]. At low doses of UV radiation , monoadducts greatly out-
number cross-links, but the propor t ion of cross- lin ks increases 
with increasing exposure to UV radiat ion [34-37] . Although 
DNA cross- links have been implicated as t he principal lesion 
responsible for PUV A-induced ce ll letha li ty [39,40], t he impor-
tance of either monofunctional adducts or DNA cross- links in 
PUV A-induced mutagenes is a nd carcinoge nesis is not known. 
H oweve r, Grube, Ley, and Fry [23] and Ley, Grube, a nd Fry 
[ 41] reported that there was no apparent correlation between 
t he occurrence of DNA cross- links and th e inciden ce of PUVA-
induced tumors in mice. Further studies are t herefore needed 
to determine t he principal lesions and mechanisms invo lved in 
PUV A-induced carcinogenesis. 
Few studies ha ve been carried out o n PUV A-induced t rans -
fo rmation of mammalian cells in cult ure. Previous reports on 
PUV A-induced cell t ransformation have not established a dose-
response re lat ionship [17,42], a factor t hat is c ri tical in estab-
lishing a qua nti tative relationship between a molecular lesion 
a nd carcinogenesis. For this reason , t his author has attempted 
to study t he capacity of PUV A treatment to induce oncogenic 
transformation in vitro a nd to determine whether a dose-
response relat ionship could be established. In addition , t he in 
vivo tumorigenicity of cells transformed by PUV A t reatment 
was assessed. 
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MATERIALS AND METHODS 
Cell Cultures 
The lOTl/2 clone 8 cell line established from C3H mouse embryo 
fibroblasts was obta ined from the laboratory of the late C. Heidelberger 
in 1980 (Un iversity of Southern California Ca ncer Ce nter, Los Angeles, 
California). The cells were grown at 37"C in a humidi fied 5% C02 
incubator and feel Eagle's basal medium with Earle's salts (Grand 
Island Biological Co., Grand Island, New York) supplemented with 
10% heat-inactivated fetal bovine serum (FBS) (MA Bioproducts, 
Walkersville, Maryland). Stock cul tures were maintained according to 
the protocol established by Reznikofl, Brankow, and Heidelberger 
J43J. Cells between the 8th and 12th passages were used in these 
experiments. 
PUVA Treatment 
The cells were plated in 100-mm t.isssue cu lture dishes (Falcon 
Plastics, Oxnard, California). About 20 h after plating, medium was 
removed, the ce ll s were washed once with 10 ml of phosphate-buffered 
saline (PBS) , and then 4 ml of PBS conta ining the app ropriate con-
centration of 8- methoxypso ralen (8- MOP ) was added (Paul B. Elder, 
Co., Bryan, Ohio) . 8-MOP was dissolved in 1% ethanol in PBS (v/ v) . 
The dishes were incubated at 37"C for 10 min and then exposed ar 
room temperature, with the dish cover off, to UV A radiation from a 
F40Tl2 BLB 11uorescent blac k-light bulb with an integral filter (Gen-
eral Electric Co, Schenectady, New York) . The BLB black-ligh t. bulb 
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e mi ts 97% of its rad iation in the 300- 400 nm range with a pea k around 
355 nm [44 ]. The dista nce from the li ght source to t he bottom of the 
tissue culture dish was about 20 em. The average dose rate was 0.5 W / 
m 2 , as dete rmined by a calibrated radiomete r (Laser-Precision Corp., 
Utica, New Yo rk ). The absorba nce of t he 8- MOP conta ining buffer as 
measured in a spectrophotomete r at 300- 400 nm was negligible. Afte r 
irradiaiton, the 8- MOP was removed, t he dishes were washed once wit h 
10 ml of PBS, 10 ml of medium was added, and t he dis hes were 
incubated at 37"C. Appropria te co nt rols were run in pa ralle l: (a) A set 
of dishes was t rea ted with 1% etha nol-P BS solvent in a simil ar ma nner 
except for 8- MOP and UV treatment. They were kept in the da rk for 
the durat ion of the irradiation period. (b) A set of dishes was incubated 
with 8- MOP (1 0 11g/ ml ) alone as desc ribed above and kept in the clark 
without UV t reatment for the duration of the irradiation period. (c) A 
set of dishes was incubated wit h 1% ethanol-PBS alone wi t hout 8-
M OP and t hen exposed to 90 J / m2 UV radiation. The entire operation 
was carried out with overhead room fluorescent lights off. 
Cell S urvival 
T o measure ce ll surviva l, t he cell number seeded was adjusted to 
yie ld about 40-80 colonies per dish, allowing for t he plat ing efficiency 
an d toxicity of the t reatment. Afte r irradiation, t he dishes we re incu-
bated for 7- 10 days wi thout refeecling a nd sta in ed wi t h methylene blue, 
an d t hen the co lonies we re counted. The plating effi ciency for eac h 
group was determined. The plating effi ciency was defined as t he number 
of colonies formed divided by the num be r of cells init ia lly plated. 
Duplicate experiments we re co nducted wi t h at least 3 dishes for each 
experimenta l poin t. 
T ransformation Assay 
T he procedure for the trans form ation assay was as desc ribed by 
Chan and Li t tle [45 ]. All the experiments were performed wi thout 
antibiotics in the cul ture medium , as suggested by Bert ram [46 ]. For 
transformat ion, the cell s were seeded in 100-mm dishes at a density 
that yielded about 100- 300 surviving ce ll s in eac h dish. Our previous 
experiments had indicated that there was no significa nt difference in 
the frequency oft ra nsformat ion induced by 254- nm radiation whether 
about 100, 200, or 300 cells were present per dis h. This was particularly 
important since seve ral workers j47- .5 lj had shown t hat t here exists a 
relationship betwee n initia l cell dens ity a nd efficiency of t ra nsforma-
tion. Afte r irrad iation, the cultures were incubated at 37"C. Culture 
medium was chang-ed twice weekly unti l con11uence was reached and 
then once weekly until te rmin ation of t he experiment, 6 weeks afte r 
UV treatment . Afte r te rminat ion of the experiment, the cul tures were 
stained wi th methylene blue a nd type II and type III "foci" we re 
cou nted, using a n inve rted light microscope. Transformed foc i (type II 
and type Il l) we re scored based on morphologic criteria outlined by 
Reznikoff, Be rt ram, Brankow, et a l [ 47]. The t ra nsformation frequency 
was dete rmined hy dividing the tota l number of type II a nd type III 
foc i in a t reatment group by the tota l number of surviving ce lls in tha t. 
group. Duplicate experiment s were performed wi t h about 60 dishes/ 
t reatment group for each experiment. 
In Vivo Tu morigenicity 
Cells from type 11 a nd type Ill foc i were isolated by t rypsini zat ion 
usi ng glass cloning cylinders, grown up to sufficient quant ities, a nd 
tested for wmori g-e nicity by being injected in to 8- to 12-week-old 
immu nosuppressed C3 H mice. The mice were immunosuppressed by 
adul t t hymectomy followed by sublet hal (4.~0 rad) whole-body exposure 
to x-radiation (ATX). Viabl e cells (5 X JO" ce lls/mouse) in 0 .1 ml of 
Roswell Pa rk Memorial Insti t ute 164 0 medium without FBS were 
injected s.c. on the vent ra l side of the recipients . The mice were 
exa mined for tumor growth weekly for about 6 months. T umor biopsies 
we re fix ed in Bouin 's solu t ion, embedded, sectioned, a nd stained with 
he matoxylin a nd eosin for histo logic exa mination. 
RESULTS 
S urvival and Transformation: Dose Response 
D ose-resp o nse data fo r bo th surviva l a nd t ra nsformatio n 
were dete rmined as a fun ctio n of (a ) 8-MOP con cen t ration , 
and (b ) UY A dose. In t he fo rme r case, t he cells we re in cubated 
w it h vary in g co ncentra t io n s o f 8-MOP (0- 10 11 g/ml ) be fo re 
t h ey were exposed to a fixed dose o f U YA ra dia tio n (90 J / m 1 ). 
In th e la t t e r case, t he cells we re incubated with a fix ed conce n -
tration o f 8-MOP (10 11g/ml) be fore t hey we re exposed to 
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FI G 1. Dose response for P UVA -induced lethali ty a nd t ra nsforma-
t ion as a fun ction of 8- MOP co ncen trati on. Cells were incubated in 0-
10 11 gjml 8-MOP for 10 min at 37"C before being exposed to 90 J / m2 
UVA. Linea r regression lines a re drawn for both survival (e - e ) and 
t ransformation (0 - 0) . 6-6, cells t reated wi t h 10 J.<g/ml 8-MOP but 
not exposed to UV A radiation. 
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FIG 2. Dose response for PUVA-induced lethali ty and tra nsforma-
tion as a fun ct.ion of UVA dose. Cells were incubated in 10 11g/ml 8-
MOP before being exposed to varying doses of UVA. Linear reg ression 
lines a re drawn fo r both surviva l (e - e ) a nd transformation (0- 0). 
A- A, cells t reated wit h 1% etha nol-PBS solve nt a nd exposed t.o 90 J/ 
m2 UVA. 
va ry ing doses o f U Y A radiat ion (0- 90 J / m1) . The dose-respo nse 
data prese n ted in Figs 1 a nd 2, respectively, indicate t hat in 
both cases, t he surviva l curves exhibi ted a n ini t ial s ho ulde r 
followed by a n expo nentia l decline in cell surviva l. In con t rast, 
ne it he r 8-MOP a lon e (10 !Lg/ml) n or U YA a lo n e (90 J / m 2 ) ha d 
a ny e ffect o n cell survival. 
Tra nsformatio n frequ en cy b ased on the numbe r o f t r a n s -
fo rma n ts pe r surviving ce ll was calcu la t ed by scoring both type 
Il and type III foci. The resul ts presen ted in Figs 1 and 2, 
respectively, indicate t h at t he t ra ns formation frequen cy in -
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creased exponen t ially in a dose-dependent manner up to a 
certa in point (up to 8 J.lg/ml 8-MOP concen tration and up to 
75 J/m2 UV A dose) and then reached a plateau. No type II or 
type liT foc i were observed in untreated cont rol cul tures or in 
cul tures treated wit h 8-MOP alone or UVA alone. 
The surviva l and t ransformation frequency curves at both 
UVA dose and 8-MOP concent ration fu nctions appeared to be 
more or less similar. This suggested that there may be a 
relationship between UVA dose and 8-MOP concent ration. In 
order to test t hi s hypothes is, the product of 8-MOP concent ra-
t ion and UVA dose (8-MOP X UVA) was calculated at 10% 
surviva l and w-a t ransformation frequency per surviving cell, 
respectively, from Fig 1 and Fig 2, and the values were com-
pared. T he data presented in T able I reveal t hat t he 8-MOP X 
UV A values for both survival and t ransformation did not diffe r 
at 95% confide nce limi ts. In addit ion, t he frequency of t rans-
fo rmation induced at a given surviva l leve l (e.g., 10% survival) 
was found to be more or less the same for both 8-MOP concen-
t ration and UV A dose functions (6.0 X 10- 4 and 5.8 X 10- \ 
respectively) . 
In Vivo Tumorigenicity of PUVA- Transformed Cells 
T ype II and type III foci induced by 8-MOP plus UVA 
radiation were tested for in vivo tumori genicity by injecting 
cells s.c . in to syngeneic AT X rec ipients. T he data presented in 
Table II indi cate that cells from 6 of 6 type III foci tested 
produced tumors in syngeneic mice in 3-10 weeks, and 3 of 4 
type II foc i ce ll lines tested were tumorigenic in vivo. The late nt 
period fo r t he in vivo growt h of ce ll lines derived from type II 
foc i was longer (10- 15 weeks) t han that of cell lines derived 
fro m type III foci. Histo logic examination of the tumors pro-
duced by injection of va rious cell lines in to animals revealed 
t hat they were spindle cell sa rcomas (Fig 3). 
TABLE I. Product of 8- M OP concentra t:ion and U VA dose 
8-MO P UVA 
Parameter cone . dose Cone. x dose 
( ~ g/ ml ) (J/m•) 
10% surviva l (Fig 1) 5.0 90 450 
10% surviva l (Fig 2) 10.0 48 480 
w-a t rans. freq./survivin g ce ll (Fig 1) 6.1 90 549 
10-3 tra ns. freq./surviving ce ll (Fi g 2) 10.0 59 590 
TA BLE II. In uiuo ttunorigenicity of type II and type Ill foc i cells 
isolated ( rom PUVA -treated IOTI /2 cell line 
Morphologic Lypc 
I II" 
III " 
Ill" 
Ill" 
II " 
II " 
II " 
111 1' 
li b 
Ill ' 
10Tl /2 clone 8 parent 
Weeks LO 
fi rst. tu mor 
6 
9 
10 
6 
10 
10 
15 
4 
3 
Tumor incidence (no. of 
mice with tumor/no. of 
mice injecLed) 
5/5 
5/5 
3/5 
5/5 
3/5 
5/5 
1/5 
5/5 
0/5 
5/5 
0/5 
Each focus was isolated from a separate dish. 
• Isolated from dishes treated with 10 11g/ml 8- MOP plus 60 J / m2 
UVA . 
b Isolated from dishes t reated wit h 8 11g/m l 8-MOP plus 90 J / m2 
UVA . 
' Isolated from a dish t reated with 10 11g/ml 8- MOP plus 75 J / m2 
UVA. 
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FI G 3. T umor morphology of PUV A-tra ns lo rmed 10T l/2 cell line. 
A, T ype III foci ce ll line established from a dish t reated with 8 l'g/ml 
8- MOP plus 90 J/m2 UVA. B, Type III foci ce ll line established from a 
dish t reated wit h 10 1'g/ml 8- MOP plus 75 J /m2 UVA. Bar= 20 11m. 
DISCUSSION 
The experiments reported here demonstrate that the combi-
nation of 8-MOP and UVA radiation causes cell death and 
induces neoplastic t ransformation in a dose-dependent manner 
in the C3H 10T1/2 mouse embryo fibroblast cell line (Figs 1, 
2). In contrast, neither 8-MOP alone nor UV A alone was 
cytotoxic or carcinogenic at t he doses used in this study. T he 
survival and transformation pro tiles presented in Fig 1 and Fig 
2 exhibi ted a striking similari ty. The product of 8-MOP con-
cent ration and UV A dose calculated at 10% survival and 10-3 
t rans formation frequency levels were qui te similar regardless 
of 8-MOP concent ration or UVA dose. These results imply that 
t here exists a simple reciproca l relationship between 8-MOP 
concent ration and UV A dose, at least in the dose ranges em-
ployed in this study. However, more extensive data from addi-
tional UV A dose and psoralen concent rat ion experiments are 
needed to test the validity of this observat ion . Similarly, Burger 
and Simmons [16] also found a linear relationship between 
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mutation induction and product of exposure a nd con centration. 
This kind of rec iproc ity indicates t hat a common lesion is 
responsible for causing ce ll death and inducing mutation a nd 
transformation . S ince 8-MOP plus UVA treatment is known 
to induce both monofunctional adducts [31-34] and DNA cross-
links [34-38·], it remains to be determined which of t hese lesions 
is primari ly responsible for induction of t ransformation in the 
C3H 10T1/2 cell line. Grube et a l [23] a nd Ley eta! [41] found 
no apparen t quantitative correlation between the occurrence of 
DNA cross- links and the incidence of PUVA-induced tumors 
in mice. However , the possible invo lvement of some other 
psora ! en photoadduct in PUV A-induced skin cancer remains 
to be demonstrated. 
Although t he photobiologic effects of 8-MOP plus UV A 
radiation in cu lt ured mammalian cells have been repo rted 
previously [15-17,40], t here are certain importan t differences 
between our resul ts and those of others. First, Burger and 
Simmons [16] reported t hat at t he 10% surviva l level, t he 
product of 8-MOP concentration and UVA exposu re decreased 
at lower 8-MOP concentrations and longer UVA irradiation 
times. Our resul ts do not show such a decrease. Second, Uwaifo, 
Billings, and Heidelberger [17] reported that 8-MOP plus UVA 
radiation induced only type II foc i and not type III foci , whereas 
in our studies, both types of foci were observed. The reason for 
the discrepancy between our results and t hose of Burger and 
Simmons and Uwaifo et a! cou ld be t he differences in experi-
mental condition s of8-MOP plus UVA treatment. For example, 
in our experiments, the 10T1/2 cells were exposed to UV A 
radiation in t he continued presence of 8-MOP in the buffer, 
whereas Burger and S immons [16] and Uwaifo eta! [17] rinsed 
t he 8 -MOP -treated cell s with PBS before exposing them to 
UV A radiation. Furthermore, Uwaifo et a l [ 17] used relatively 
lower concentrations of 8-MOP in their transformation exper-
iments (1-2.5 JLg/mi) t han we did (2- 10 JLg/ml). In addition, 
other factors such as cell type and type of UV A source used for 
irradiation might a lso have cont ributed to t he d iscrepancy 
between t heir resu lts and ours. 
Cells from both type II a nd type III foci induced by 8-MOP 
plus UV A radiation produced tumors when injected into syn-
geneic recipien ts (Table II), and only 1 out of 4 ce ll lines from 
type II foc i was not tumorigenic. It is interesti ng to note t hat 
alth ough type II foci induced by chemical carcinogens and x-
rays were a lso reported to be tumo rigenic [47,48], type II foci 
induced by UV A, UVB, or UVC a lone radiation are not tumor-
igenic in vivo [52, Ananthaswamy, unpublished resu lts]. In this 
regard, the type II foci induced by 8-MOP plus UVA may 
resemble t he characteristics exhibited by chemical carci noge n-
and x-ray- induced type II foci , but not UV -induced type II foci. 
Evans and Morrow [42 ] demonstrated previously that hamster 
embryo fibroblasts tra nsformed in vitro with 8-MOP plus UVA 
we re a lso tumo rigenic in vivo. Thus, severa l lines of evidence, 
both from in vitro studi es, and studies with a nimal models, 
ind icate t hat PUV A treatment is indeed carc inogenic. Whether 
t his treatment is a lso carcinogenic in humans is a hotly debated 
subject, and no conc lusions have yet been drawn. However, 
PUV A t herapy is t hought to be associated with a marked 
increase in t he incidence of skin ca ncer in patients receiving 
this t reatment for psoriasis [53] . 
In summary, t he present study demonstrates t hat PUV A 
treatment of C3H mouse emb ryo fibroblast 10T1/2 ce ll line 
causes cytotox icity and induces transformation in a dose-de-
pendent manner. S ince t he lOTl/2 system ex hibi ts a good 
dose-response relationship, t his system might be idea l for 
studying t he possible relations hip between transformation a nd 
the specific lesions induced by 8-MOP plus UVA radiation . 
The author wishes t.o thank Dr. Margaret. Kripke for her comments 
on t he manuscript , and Ms. Helen Farr fo r her typing assistance. 
PUVA-INDUCED IN VITRO TRANSFORMATION 105 
REFERENCES 
1. Parrish JA, Fitzpatrick TB, Tanenbaum L, Pathak MA: Photo-
chemotherapy of psorias is with oral met.hoxalen and longwave 
ul traviolet. light. N Eng! J Med 291:1207- 1211, 1974 
2. Haber LC: Photochemothe.rapy of psoriasis. N Eng! J Med 
291:1251-1252,1974 
3. Wolf]{, Fitzpat rick TB, Parrish JA: Phot.ochemotherapy of pso-
riasis with oral 8-methoxypsoralen. Arch Derma to! 112:934- 950, 
1976 
4. Petrozzi JW, Kaidbey KM, Kligman AM: Topica l methoxalen and 
blacklight in the treatment of psoriasis. Arch Derma to! 113:292-
296, 1977 
5. Swanbeck G, Hok-Thyresson M, Bredberg A, Lambert B: Treat-
ment of psoriasis with oral psoralens and longwave ultraviolet 
light. Acta Derm Venereol (Stock h) 55:367-376, 1975 
6. Fitzpatrick TB, Arndt KA, El Mofty AM, Pathak MA: Hydroqui -
none and psoralens in the therapy of hypermelanosis and vitiligo. 
Arch Dermatol 93:589- 600, 1966 
7. J{enney JA: Viti ligo treated by psoralens. Arch Dermatol 103:475-
480, 1971 
8. Mathews MM: Comparative study of lethal photosensitizat ion of 
Sarcina lu.tea by 8-met.hoxypsoralen and by toluidine blue. J 
Bacterial 85:322-331, 1963 
9. lgal i S Bridges BA, Ashwood-Smith MJ, Scott BR: Mutagenesis 
in E.~cherichia coli TV. Photosensi tization to near ul traviolet light 
by 8-methoxypsora len. Mutat Res 9:21-30, 1970 
10. Joseph R, Shantamma MS, Rehana F .. Nand K: Induced mutation 
in S erratia mnrcescens by nea r UV light Ill presence of psora len . 
Experientia 30:360-361, 1974 
11. Townsend ME, Wright HM, Hopwood DA: Efficient mutagenesis 
by near ultraviolet light in the presence of 8-met.hoxypsoralen 
in Streptomyces. J Appl Bactenol 34:799- 801 , 1971 
12. Averbeck D, Chandra P, Biswas RF: Structural specificity in the 
lethal and mutagenic activity of furocoumarins in yeast cells. 
Radiat Environ Biophys 12:241- 252, 1975 
13. Swanbeck G, Thyresson M: Induction of respiration-deficient mu -
tants in yeast by psoralen and light. J Invest Dermatol 63:242-
244, 1974 
14. Averbeck D, Moustacchi E: Genetic effect of 3-carbethoxypsora len, 
angelicin, psoralen and 8-methoxypsoralen plus 365 nm irradia-
tion in Saccharomyces cereVLSiae. Mutat. Res 68:133- 148, 1979 
15. Arlett CF: Mutagenesis in cultured mammalian cells. Stud Biophys 
36-37:139- 147, 1973 
16. Burger PM, Simmons JWIM. Mutagenici ty and carcinogenicity of 
8-MOP-UVA in cell cul tures. Bull Cancer 65:281 -282, 1978 
17. Uwai fo AO Billings PC, Heidelberger C: Mutation of Chinese 
hamster V79 cells and transformation and mutation of mouse 
fibroblast C3 H/10T1/2 clone 8 cells by aflatox in B, and four 
other furocouma rins isolated from two Nigerian medici nal 
plants. Cancer Res 43:1054- 1058, 1983 
18. O'Neal MA, Griffin AC: The effect of oxypsoralen upon ultraviolet 
carcinocrenesis in albino mice. Cancer Res 17:911- 916. 1957 
19. Griffin AC Hakim RE, Knox JM: T he wavelength effects upon 
erythem~l and carcinogenic response in psoralen treated mice. J 
Invest Dermatol 31:289- 295, 1958. 
20. Griffi n AC: Methoxalen in ultraviolet ca rcinogenesis in mouse. J 
Invest Dermatol 32:367-372, 1959 
21. Pathak MA, Daniels F, Hopkins CE, Fitzpatrick TB: Ultraviolet 
carcinogenesis in albi no and pigmented mice receiving furocou-
marins, psoralen and 8-methoxypsoralen. Nature 183:728- 739, 
1959 
22. Forbes PO Davies RE, Urbach F: Phot.otoxicity and photocarci-
nouenes i ~: comparative effect of anthracene and 8-methoxypso-
ral:n in the sk in of mice. Food Cos met Toxicol 14:303-306, 1976 
23 . Grube DO, Ley RD, Fry R IM: Photosensitizing effects of 8-
methoxypsoralen on the skin of hairless mice. II. Strai n and 
spectral differences for tumorigenesis. Photochem Photobiol 
25:269- 276, 1977 
24 . Zajdela F, Bisagni E: 5: Methoxypso ra l e n~ the melanogenic additive 
in sun-tan prepa ratio ns, Is tumongemc 111 n11ce exposed to 365 
nm UV radiation. Carcinogenesis 2:121- 127, 1981 
25. Kripke ML, Morison WL, Parrish JA: Induction and transplanta -
tion of murine skin cancers induced by methoxalen plus ultra-
violet (320- 400 nm) radiation. JN CI 68:685- 690, 1982 
26. Strauss GH, Greaves M, Price M, Bridges BA, Hall-Smith P, 
Ve llaBrilTa D: Inhibition of delayed hypersensitivity reaction in 
skin (DNCB test) by 8-methoxypsoralen photochemotherapy. 
Lancet 2:556- 559, 1980 
27. Moss CM, Friedman PS, Shuster S: Impaired contact hypersensi-
tivity in untreated psorias is and the effect of photochemotherapy 
and dithranol /UV -B. Br J Derma to! 105:503-508, 1981 
28. Kripke ML: Immunosuppressive effects of ultraviolet (280-:320 nm) 
rad iation and psoralen plus ultraviolet (320- 400 nm) radiation 
in mice. JNCl 69:171- 173, 1982 
106 ANANTHASWAM Y 
29. K ripke ML, Moriso n WL, Parrish J A: Systemic suppress ion of 
contact hype rse nsit ivity in mice by psora len plus UVA radiation 
(P UV A). J Invest Dermat.ol 81:87- 92, 1983 
30. Morison WL, Kripke ML: Systemic suppression of contact hyper-
sensit ivity by ul t raviolet B radiation or methoxa len/ ul t raviolet 
A radiation in the guinea pig. Ce ll lmmunol 85:270- 277, 1984 " 
31. Musajo L , Bo rdin F , Bevilacqua R: P hotoreactions at 3655 A 
linking the 3-4 double bond or l'u rocouma rins with pyrimidine 
bases. P hotoc hem P hotobiol 6:927- 931, 1967 
32. Musajo L, Bordin F,"Capora le G, Marciani S, R iggatti G: Photo-
reactions at 3655 A between pyrimidine bases and skin -p hoto-
se nsit izing furocourmarins. P hotoc hem Phot.obiol 6:711 - 719, 
1967 
33. Pathak MA, Fi tzpatrick T B, Pa rrish ,JA, Biswas R: P hotochemo-
t herapeut ic, photobiological and photoc hemical properties of 
psoralens, Research in Photobiology. Edi ted by A Castella ni . 
New York / London, Plenum Press, 1977, pp 267- 281 
34 . Daii 'Acqua F: New chemica l aspects of photoreaction between 
psoralen and DNA, Resea rch in Photobiology. Edi ted by Amleto 
Castellani . New York/ London, P lenum P ress, 1977, pp 245- 255 
35. Cole RS: Light. induced cross- link ing of DN A in t he presence of a 
furocouma rin (pso ralen). Studies wit.h phage lambda, Esche-
richia coli, a nd mouse leukemia cells. Bioc him Biophys Acta 
217:30- 39, 1970 
36. Dall 'Acqua F , Marciani S, Rodighiero S: ln te rstra nd cross-linkages 
occurring in the photo reaction between psora len a nd DNA. 
FEES Lett 9:121 - 123,1970 
37. Cole RS: Psoralen monoadducts a nd in te rstrand cross- links in 
DNA. Bioc him Biophys Acta 254:30- 39, 1971 
38. Ben-Hur E , Elkind MM: DNA cross- linking in Chinese hamster 
cells exposed to nea r ul t raviolet light in t.he presence of 4,5,8-
t rimethylpsora len. Biochim Biophys Acta 331:181- 193, 1973 
39. Cole RS: Inactivation of Escherichia coli, F episo mes at tra nsfer 
and bacte riophage lambda by psoralen plus 360 nm light: signif-
icance of deoxy ribonucleic ac id cross- links. J Bacteria l 107:846-
852, 197 1 
40. Ben-Hur, Elkind MM: Psora len plus nea r ul t raviolet light inacti-
vation of cul tured Chinese ha mster cells and its relation to DNA 
cross- links. Mutat Res 18:315- 324,1973 
41. Ley RD, Grube DO, Pry HJ M: P hotosensit izing effects of 8-
Vol. 85, N o. 2 
methoxypsoralen on t he skin of hairless mice. 1. Formation of 
in te rstra nd cross- links in epiderma l DNA. Photochem P hotobiol 
25:265-268, 1977 
42 . Eva ns DL, Morrow KJ : 8-Methoxypsoralen induced alterations of 
mamma lian cells. J In vest Dermatol 72:35-4 1, 1979 
43. Reznikoff CA, Brankow DW, Heidelberger C: Establishment and 
characteristics of a cloned line of C3H mouse embryo cells 
sensit ive to post confluence inhibi t ion of division. Cancer Res 
33:3231-3238, 1973 
44. J agger J : In t roduction to Research in Ultraviolet Photobiology. 
Englewood Heights, NJ, Prent ice- Ha ll , 1967, pp 22-23 
45. Cha n GL, Li ttle JB: Induction of oncoge nic t ransformation in tn:tro 
by ultraviolet light . Nature 264:442-444, 1976 
46. Bert ram J S: Reduction in t he form ation of carcinogen-i nduced 
t ransformed foci by penicillin G sodium in the C3 H/ 10T1/2 CLS 
cell line. Cancer Lett 7:289-298, 1979 
47. Reznikoff CA, Bert ram J S, Brankow DW, Heidelberger C: Quan-
t itative studies of chemical t ransfo rmation of cloned C3H mouse 
embryo cells sensitive to post confluence inhibit ion of ce ll divi -
sion. Cancer Res 33:3239-3249, 1973 
48. T erzagbi M, Li ttle JB: X -radiat ion induced t ransformation in a 
C3H mouse embryo derived cell line. Cance r Res 36:1367-1374, 
1976 
49. Ferna ndez A, Monda! S, Heidelberger C: Probabilistic view of the 
t ransformation of cultured C3H / l0Tl/2 mouse embryo fibro-
blasts by 3-methylchola nt hrene. Proc Nat! Acad Sci USA 
77:7272- 7276, 1980 
50. Kennedy AR, Fox M, Murphy G, Litt le JB: Relationship between 
x- ray exposure and malignant t ra nsformation in C3 H 10T1/ 2 
cells. P roc Nat! Acad Sci USA 77: 7262-7266, 1980 
51. Kennedy AR, Little JB: Investigation of t he mecha nisms fo r en-
hancement of radiation t ra nsform ation in vitro by 12-0-tetrade-
canoylphorbol-13-acetate. Carcinogenesis 1:1039-104 7, 1980 
52 . Chan CL, Li ttle JB: Co rrelation of in. vitro t ransformation with in 
vivo tumorigenicity in 10T1/2 mouse ce lls exposed to UV light. 
Br J Cancer 39:590- 593, 1979 
53. Stern RS, Thibodeau LA, J<leinerma n RA, Parrish JA, Fi tzpatrick 
TB: Risk of cutaneous carcinoma in patients treated wit h oral 
methoxsalen photochemotherapy for psorias is. N Eng! J Med 
300:809-813, 1979 
